Functional quantitative analysis of the genome in cultured human mesangial cells: Technical Note  by Yasuda, Yoshinari et al.
Functional quantitative analysis of the genome in cultured human
mesangial cells
Technical Note
YOSHINARI YASUDA, TOSHIO MIYATA, MASAOMI NANGAKU, YOSHIYASU IIDA, KENJI MAEDA,
KIYOSHI KUROKAWA, and KOUSAKU OKUBO
Institute of Medical Science and Department of Medicine, Tokai University School of Medicine, Isehara; Department of Internal
Medicine, Nagoya University School of Medicine, Nagoya; and Institute for Molecular and Cellular Biology, Osaka University, Osaka,
Japan
Functional quantitative analysis of the genome in cultured human
mesangial cells. For normal physiological function, each cell tightly
regulates gene expression in a specific fashion so that critical proteins are
synthesized in a well-coordinated manner. Therefore, it is very important
to uncover which genes are expressed in specific cells. Recent technolog-
ical advances combined with rapid large-scale DNA sequencing and
computerized data processing have allowed us to investigate the expres-
sion levels of a variety of transcripts in the mesangial cells, a target of
injury in many forms of glomerulonephritis. Utilizing a large scale
sequencing of a 39-directed cDNA library, which allows us to avoid
variable cloning efficiencies reflecting the size of cDNA, we investigated
expression profiles of various molecules in cultured human mesangial
cells. Among the 1,193 sequenced clones, 688 (57.7%) appeared more
than once (redundant sequence group), representing 203 different species.
Thirty-nine of these appeared more than three times. The most abundant
mRNA was that of fibronectin, which consisted of 3.9% of the total
mRNA population. Except for mitochondrial or ribosomal genes, calcyclin
came next (2.5%), followed by two cytoskeletal genes, g-actin gene and
calpactin 1 light chain gene, in addition to an amyloid precursor protein
homolog (0.7%). In conclusion, we performed a molecular biological
quantification of transcripts in mesangial cells. Fibronectin was the most
abundantly expressed, followed by calcyclin, g-actin, calpactin 1 light
chain, and an amyloid precursor protein homolog. We also discovered
some candidate genes specific for human mesangial cells. The expression
profile of the transcripts serves as an important tool in understanding the
biological properties of mesangial cells.
There are about 60 trillion (6 3 1013) cells in the human body.
Despite the wide variety in cell phenotypes, all the cells share
essentially identical genomic DNA, being the faithful copy of that
originally carried in the fertilized egg [1]. Expression of these
genes is tightly regulated by the cell lineage and the signals that
the cell receives in order for normal physiological function.
Therefore, it is very important to uncover which genes are
expressed in specific cells.
Conventional biochemical and molecular biological approaches
such as metabolic labeling, Western blot and Northern blot
analyses have limitations in comparing expression levels of mul-
tiple molecules, although they are useful in investigating temporal
profiles of expression levels of the same protein or gene, because
each molecule requires a unique antibody or probe. One must use
as many different antibodies or probes as the number of mole-
cules chosen to investigate. Furthermore, the affinities of these
antibodies or probes are different from each other, which ham-
pers comparison between various molecules. Some molecular
biological approaches such as subtraction cloning and differential
hybridization allowed us to compare libraries from two different
sources and detect cell- or organ-specific genes. However, no
quantitative information about expression levels of specific and
non-specific genes can be obtained. No more than two libraries
can be compared at one time using these methods, either.
We utilized recent technological advances combined with rapid
large-scale DNA sequencing and computerized data processing in
order to compare the expression levels of a variety of transcripts
in specific cells at the same time. Utilizing a large scale sequencing
of a 39-directed cDNA library, we investigated expression profile
of various genes of mesangial cells. This is the first report of
functional quantitative analysis of the genome in glomerular cells.
METHODS
Primary culture of human mesangial cells
Human glomerular mesangial cells were isolated from a normal
human kidney obtained from surgical specimens obtained during
nephrectomy in a 58-year-old male with kidney tumor. The renal
cortex was separated, minced, and passed through a series of
progressively smaller pore sized seives under sterile conditions.
Glomeruli, trapped by sieves with a pore size of 75 to 200 mm,
were washed and incubated with 100 mg/ml collagenase (Wash-
ington Biochemical) at 37°C for 20 minutes. After washing,
glomeruli were resuspended in medium 199 (Gibco BRL, Gaith-
ersburg, MD, USA) containing 25 mM Hepes, 10% Nu-serum
(Collaborative Biomedical Products, Bedford, MA, USA) and
antibiotics (10 mg/ml of penicillin, streptomycin, and fungizone),
and were incubated in a 5% CO2 incubator. Mesangial cells at
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passage 3 were characterized by a series of criteria [2], including
typical morphologic features, tolerance to trypsin, puromycin, and
D-valine, positive immunostaining for actin (Zymed Laboratories,
San Francisco, CA, USA), anti-very late antigen (VLA)-1,3,5
(Immunotech), and negative immunostaining for Factor VIII
(Dako, CA, USA).
Isolation of mRNA from human cultured mesangial cells
Total RNA was isolated from human mesangial cells at passage
6 using the guanidine isothiocyanate (GTC) method. In brief,
confluent culture of mesangial cells in the culture medium con-
taining serum described above were washed with phosphate-
buffered saline (PBS), lysed in 5.5 mM GTC solution. The DNA
was sheared by passing through a 18 gauge needle. Nuclei and
other cell debris were precipitated by centrifuge at 5,000 3 g for
90 seconds. The supernatant was gently overlayed onto the
cushion of cesium trifluoroacetate (CsTFA) solution and centri-
fuged at 125,000 3 g for 24 hours at 15°C. The RNA pellet was
dissolved in TE buffer. PolyA1 RNA was isolated by oligo
dT-cellulose column (Pharmacia, Tokyo, Japan) according to the
manufacturer’s protocol.
Construction of the 3*-directed cDNA library
Poly A1 RNA was used as a template for the cDNA synthesis
using a pUC19-based vector primer [3]. This vector-primer DNA
has HincII and T-tailed PstI ends, and was dam-methylated at the
MboI sites (GATC). After the second strand synthesis, the cDNA
moiety and the single BamHI site in the lacZ gene of the vector
were cleaved by MboI and BamHI, respectively, followed by
circularization and ligation at low DNA concentration. A small
portion of the ligation mixture was transformed into E. coli. The
resulting transformants were selected randomly and were lysed
individually by brief boiling. The cDNA insert moiety was ampli-
fied by paired PCR with primers (59-TGTAAAACGACGGC-
CAGT-39 and 59-ACCATGATTACGCCAAGCTTG-39) flanking
the pUC19 cloning site. The resulting short double-stranded DNA
was utilized for the cycle sequencing reaction and was analyzed
using an autosequencer.
RESULTS
cDNA library construction and sequencing
Cultured human mesangial cell mRNA was prepared and used
as a template for cDNA synthesis. The cDNA moiety was
selectively cleaved by MboI, and the 39-directed regional cDNA
library was constructed by religation (Fig. 1) and transformation
into E. coli. The library was not amplified in order to make them
faithfully represent the original mRNA populations.
We randomly chose 1,836 transformant colonies, the cDNA
moieties of which were amplified by PCR and subjected to
automated cDNA sequencing. Since the sequences at the 39-
region are unique, sequencing data from about 150 to 300
nucleotides, which are called the “gene signature,” were sufficient
to characterize the gene.
Among the 1,836 clones analyzed, those that had inserts shorter
than 20 bp were excluded from further analysis. The sequence
similarities of the remaining 1,193 clones were compared with
each other and with the DNA databank GenBank utilizing the
FASTA program [4]. We regarded two sequences as identical
when the overlapping region that had more than 90% homology
started at the first base in both and exceeded 90% of the length of
the shorter one of the pair.
Quantitative analysis of expressed genes
The frequency distribution of cDNA species is demonstrated in
Figure 2. Among the 1,193 sequenced clones, 688 (57.7%) ap-
peared more than once (redundant sequence group), representing
203 different species. Thirty-nine of these appeared more than
three times.
By re-association kinetics mRNA in mammalian cells is cate-
gorized into high, middle, and low abundance classes [5]. The
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Fig. 1. Schematic representation of construction of the 3*-directed cDNA
library. Cytoplasmic polyA1 DNA was used as a template for the cDNA
synthesis utilizing a pUC19-based vector-primer DNA. After second
strand synthesis, the cDNA moiety and the vector were cleaved by MboI
and BamHI, followed by circularization and ligation. Cohesive end of
BamHI digestion can adhere to MboI end.
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Fig. 2. Expression profile of genes in cultured human mesangial cells.
The frequencies of the appearance of each cDNA species in the randomly
sequenced 1,193 clones are shown. Species are arrayed in the order of
their frequencies of appearance.
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highly abundant mRNA is proposed to consist of a few species
and to cover 0 to 20% of the total mRNA. The middle abundant
class covers some 30 to 40% of the total mRNA, consisting of a
few hundred species, and the low abundant class covers about
50% of the total mRNA consisting of about 10,000 to 30,000
species. We observed four genes of high abundance, each of which
exceeded 1%, 80 genes in the middle abundance class each of
which exceeded 0.2%, and about 620 genes in the low abundance
class, at ratios of 10, 30 and 60%, respectively.
Some properties of the most abundant 24 clones in mesangial
cells are shown in Table 1. The most abundant mRNA was that of
fibronectin (FN), which consisted of 3.9% of all the mRNA
population. Except for mitochondrial or ribosomal genes, calcy-
clin came next (2.5%), followed by two cytoskeletal genes, g-actin
gene and calpactin 1 light chain gene, in addition to amyloid
precursor protein homolog (0.7%). The “expression profiles” in
mesangial cells were apparently different from those obtained
from other libraries (Table 2), which confirmed specificity of
“expression profiles” in different cells and organs.
DISCUSSION
We measured “expression profiles” of genes in mesangial cells,
which allowed us to perform functional analyses of the genome in
mesangial cells. This was achieved through sequencing randomly
selected clones from a non-biased cDNA library.
This library must faithfully represent the abundance of gene
transcripts in the original mRNA population, which gives us
quantitative information of expressed genes. In a full-length
cDNA library the 59-termini of the cDNAs for the same tran-
scripts often have different sequences due to the partial degrada-
tion of mRNA or incomplete first strand synthesis. Furthermore,
the nucleotide sequences of their 39-termini can not be deter-
mined easily by chain termination method with universal primer
because of the slippage in the primer extension at polyA1. A
random-primed cDNA library, which is utilized to construct
expressed sequence tag (EST) database, is useful to discover new
genes [6–9]. However, it cannot be used to obtain gene signatures,
since it is not possible to tell whether two partial sequences are
from different parts of a single gene or from different transcripts.
Therefore, we employed a 39-directed regional cDNA library [10,
11]. cDNA cleaved by MboI, which cuts on average a few hundred
bases from the polyA tail of each cDNA, were used. We can avoid
variable cloning efficiencies reflecting the size of cDNA with this
approach. The sequences at the 39-region are unique, and se-
quencing data from about 200 to 300 bp are sufficient to charac-
terize the gene. Redundancy of the same sequence represents the
abundance of corresponding transcript in cells. The list describing
the gene expressed in a given cell along with their relative
activities of transcription, termed an “expression profile,” is
biologically significant, because quantitative analysis of the results
gives us the pattern of gene expression in a cell in addition to
sequence data. “Expression profiles” of genes have been pub-
lished in liver cells, lung cells, and a cell line derived from
hepatocellular carcinoma (HepG2) [10, 11], and this is the first
report of “expression profiles” of kidney cells.
To characterize the expression profiles of genes in a given cell
type, random sequencing about 1,000 clones is sufficient, because
a significant fraction of middle and highly abundant cell-specific
genes can be identified [12]. We sequenced 1,193 clones, which we
judged to be enough.
Our quantitative analysis of expressed cDNA species showed
that mRNA of FN was the most abundant in mesangial cells.
Fibronectin is a high molecular weight glycoprotein that is present
in two different forms. Cellular FN (cFN) is present on the surface
of many cells where it plays an important role in organizing the
extracellular matrix, the maintenance of cell morphology and
behavior, and cell adhesion [12, 13]. Plasma FN (pFN) is abun-
dant in body fluids and is produced by alternative splicing of
precursor mRNA from the same gene. Immunohistochemical and
immunofluorescence studies had shown FN predominantly in the
normal mesangium [14–20], and immunoelectron microscopic
studies had demonstrated the localization of FN predominantly in
the mesangial matrix, especially at the interface between the
Table 1. Abundant clones in cultured mesangial cells
Frequency/
1193 clones
Gene
signature
Accession
number Name of the gene
47 2105 X02761 fibronectin
33 744 V00710 mit. genes for several tRNAs
30 1919 J02763 calcyclin
13 4444 M81757 S19 rib. protein
11 688 L00016 mit. trnas and partial proteins
10 500 D14530 mRNA for rib. protein
8 114 X04098 cytoskeletal gamma actin
8 335 M36072 rib. protein L7a (surf 3) large
8 418 D14531 human homologue of rat rib.
protein L9
8 1608 S60099 amyloid precursor protein homolog
7 521 Unknown
7 3867 M81457 calpactin 1 light chain
6 96 Unknown
6 155 M11948 promyelocytic leukemic cell
mRNA, clones of pHH58 and
pHH81
6 285 Unknown
6 363 D14696 identical sequence to HepG2 and
mRNA for ORF
6 512 M22146 scar protein
5 211 X67247 rib. protein S8
5 356 X53777 L23 mRNA for putative rib.
protein
5 385 Unknown
5 504 M14328 alpha enolase
5 882 Unknown
5 2123 Unknown
5 9344 Unknown
Some properties of the most abundant 24 clones are shown. Abbrevia-
tions are: rib, ribosomal; mit, mitochondrial.
Table 2. Frequencies of 10 most abundant clones in other cDNA
libraries
Lane 1 2 3 4 5 6 7 8 9 10
Mesangium 47 33 30 13 11 10 8 8 8 8
Lung 10 6 3 1 16 2 3 3 0 0
HepG2 0 0 0 6 0 6 1 1 5 0
Lane 1, FN; lane 2, mitochondrial genes for several tRNA; lane 3,
calcyclin; lane 4, S19 ribosomal protein; lane 5, mitochondrial trnas and
partial proteins; lane 6, ribosomal protein; lane 7, gamma actin; lane 8,
ribosomal protein L7a (surf 3) large; lane 9, human homolog for rat
ribosomal protein L9; lane 10, amyloid precursor protein homolog. For
more details of each molecule, see Table 1.
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endothelial and mesangial cells [21]. Still, it had remained con-
troversial whether FN in the mesangial area was deposited pFN or
locally produced cFN. However, recently it was shown that FN
observed in the mesangium was produced locally in tissues
utilizing specific monoclonal antibodies [22]. Fibronectin is also
reported to be increased in the mesangial area of various glo-
merulopathies of humans [15, 16, 18–20, 23–26]. Radiolabeled-
methionine incorporation studies utilizing cultured rat mesangial
cells demonstrated that FN accounted for 2.1% of total protein
synthesis [27]. This value is close to our estimation of the amounts
of FN mRNA. The massive amount of FN mRNA supports
previous speculations that FN plays an important role in physiol-
ogy of mesangial cells.
Interestingly, the second most abundant gene except for mito-
chondrial or ribosomal ones was calcyclin. Calcyclin, which is also
called S100A6, is a member of the S100 family of Ca binding
proteins and contains two “EF-hand” type domains [28, 29].
Calcyclin was originally discovered in the studies of the mecha-
nisms by which growth factors signal quiescent cells to enter the
cell cycle [30]. To date, no definite function of calcyclin has been
established. Potential functions include intracellular signal trans-
duction and regulation of cell cycle [31]. So far, there have not
been any studies on roles of calcyclin in glomerular cells. Immu-
nohistochemical studies have shown that mammalian calcyclin is
mainly present in the fibroblasts and epithelial cells but not in the
glomerular mesangial cells [32]. The reason for this discrepancy is
unclear, but it should be noted that a potential function of
calcyclin is the regulation of cell proliferation. We constructed our
cDNA library utilizing rapidly growing mesangial cells cultured in
the media with serum. Mesangial cells in vivo are known to
acquire new phenotypes, which are characteristic features of
cultured mesangial cells, when they are activated and proliferate
[33, 34]. Calcyclin may be expressed by mesangial cells only when
they are activated and can be an important regulator of mesangial
cell functions. Thus, it remains to be elucidated how precisely the
data of this study employing cultured mesangial cells represent
the physiological properties of mesangial cells in vivo. We per-
formed in situ hybridization studies of human kidney samples
using a probe obtained from one unknown clone, which demon-
strated a strong signal specifically in the mesangial area (unpub-
lished observation). This suggests that the expression profiles of
some clones obtained in this study represent those observed in
vivo.
Besides getting “expression profiles,” we obtained clones that
code unknown genes, which can be mesangium-specific. In order
to find cell-specific genes, several different approaches have been
employed, such as subtraction cloning and differential hybridiza-
tion. However, these methods allow us to compare libraries of no
more than two different sources. The biggest advantage of our
system is that we can discover truly specific genes by comparing
“expression profiles” from multiple tissues and cells at one time.
In conclusion, we performed a molecular biological quantifica-
tion of transcripts in mesangial cells. FN was the most abundantly
expressed, followed by g-actin, calpactin 1 light chain, and amy-
loid precursor protein homolog. We also discovered some candi-
date genes specific for human mesangial cells. The expression
profile of the transcripts serves an important tool in understand-
ing the biological properties of mesangial cells. We are currently
cloning and investigating these mesangium-specific genes.
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APPENDIX
Abbreviations used in this paper are: CsTFA, cesium trifluoroacetate;
EST, expressed sequence tag; FN, fibronectin; GTC, guanidine isothio-
cyanate; PBS, phosphate-buffered saline; PCR, polymerase chain reac-
tion.
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